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ARTICLE INFO ABSTRACT 

Keywords: The role of threading dislocations and point defects is investigated by comparing the performance 
Threading dislocation of metal-semiconductor-metal ultraviolet photodetectors (PDs) fabricated on GaN epilayers 
ee grown by hydride vapour phase epitaxy (HVPE) and metal organic vapour phase epitaxy 
Schotiky diode (MOVPE) techniques. It is found that the density of threading dislocations is higher in HVPE GaN 
GaN epilayers, however, the devices fabricated on them show a higher photo response, lower leakage 


current and faster transient response when compared to those fabricated on MOVPE GaN epi- 
layers. It is noticed that a high density of threading dislocations of HVPE grown GaN epilayers 
doesn’t always restrict their usefulness in the development of specific devices. On the other hand, 
an inferior performance of PDs fabricated on MOVPE GaN epilayers is observed despite their low 
dislocation density, which is explained by considering the presence of point defects. Further, the 
room temperature electronic transport is found to be dominated by thermionic emission 
(thermionic field emission) mechanism in devices fabricated on GaN epilayers grown by HVPE 
(MOVPE) technique. In case of HVPE based devices, a switching of dominant transport mecha- 
nism is seen at ~200 K during cooling down whereas no such behaviour is observed for MOVPE 
based devices. Key factors affecting the performance of ultraviolet PDs fabricated on GaN epi- 
layers grown by the two techniques and associated charge transport mechanisms are discussed. 





1. Introduction 


III-nitride based optoelectronic devices such as photodetectors (PDs) and light emitters are becoming increasingly popular due to 
their wide range of applications in strategic sectors, medical science, astronomy and commercial domain [1-4]. Due to their solar blind 
nature, radiation-resistance and thermal stability, these devices offer several advantages over conventional photomultiplier tubes and 
Si-based ultraviolet (UV) detectors, for example less operational complexities including the elimination of various filters [5—7]. Several 
types of GaN-based PDs, such as p-i-n diode [8], Schottky barrier [9], p—n junction [10] and metal-semiconductor—metal (MSM) [11] 
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PDs, have been reported during the past few years. Among them, MSM PDs are generally preferred due to their fabrication simplicity 
and easy integration with the field-effect-transistor based technology [12]. Although a remarkable progress has been made in the GaN 
material growth and device fabrication technology, there are several issues inherent to nitride based PDs which needs further in- 
vestigations. For example, high-performance PDs demand a low dark current across the device since it sets a limit on the smallest 
measurable signal for a photodetector [13]. However, the mechanisms responsible for the generation of leakage current in GaN based 
UV PDs are still under debate. Extensive work is currently being carried out for identifying the origin of leakage current in GaN, where 
several possible sources like surface and interface traps [14-16], point defects [17—19] and threading dislocations are proposed to be 
the major contenders [20-22]. Among them, threading dislocations that are usually present in GaN epitaxial layers in large density, 
due to large lattice and thermal mismatch between GaN epi-layer and foreign substrate like sapphire, SiC, or Si, are assumed to be the 
primary source of leakage current in GaN. Recently, we also reported that the dislocations in GaN epilayers considerably influence the 
electronic conduction at all temperatures [23]. Other researchers have also reported that screw dislocations cause a sharp increase in 
the dark current of GaN UV PDs [24]. From scanning capacitance microscopy, Lucolano et al. [25] had shown that the core of threading 
dislocations behave as highly n-type doped regions. Due to this, a local lowering of Schottky barrier height takes place in those regions 
which triggers the onset of thermionic field emission (TFE) of carriers across the junction leading to a considerable increase in leakage 
current. Significant efforts have been made by many researchers for reducing the density of threading dislocations by incorporating 
low temperature grown buffer layers [26,27]. Involvement of SiN, interlayer [28], substrate patterning, and innovative surface 
treatments of substrate have also been tried to improve the crystalline quality of GaN epitaxial layers. Irrespective of the progress 
reported via such attempts and the corresponding development of novel nitride devices, GaN epitaxial layers still possess a large 
density of threading dislocations. Moreover, several kinds of point defects such as N and/or Ga vacancies, interstitial and substitutional 
defects are also present in GaN, which along with threading dislocations are understood to make a substantial contribution to the 
leakage current [17,19]. Another key figure-of-merit of GaN PDs is their response to UV radiation. However, it is already known that 
threading dislocations considerably increase the recombination probability of photo-generated electron-hole pairs which leads to a 
significant reduction of the responsivity of GaN-based UV PDs [19]. Similar to their adverse effect on the leakage current, point defects 
are also known to reduce the photocurrent of GaN PDs by capturing the photo generated carriers [19]. Threading dislocations and 
point defects are expected to play a critical role in determining the overall performance of GaN UV PDs where a low density is generally 
preferred. 

In this article, an in-depth characterization of GaN UV PDs is carried out with an aim of understanding the role of threading 
dislocations and point defects in device performance. It is found that a low density of threading dislocations in GaN epilayer doesn’t 
necessarily ensure that the performance of the devices grown on top of it will always be superior. Key factors affecting the performance 
of UV PDs and associated charge transport mechanisms are also discussed by comparing the characteristics of devices fabricated on 
GaN epilayers grown by hydride vapour phase epitaxy (HVPE) and metal organic vapour phase epitaxy (MOVPE) techniques. 

GaN/Sapphire templates grown by HVPE and MOVPE are commercially available and can be used to develop GaN based devices. 
Irrespective of a similar carrier concentration/type, electronic transport properties of the two templates are found to be very different 
[23]. In our earlier work [23], we had reported that the electronic transport was drastically affected by the charged dislocations formed 
at the layer-substrate interface in case of HVPE grown GaN epilayers whereas no such phenomenon was observed for MOVPE grown 
GaN. Suitable recommendations for choosing an appropriate GaN template for epitaxial growers were also made [23], where we had 
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Fig. 1. (a) Schematic diagram showing the device structure, (b) cross-sectional view of the device, (c) optical microscopic image of the device after 
second step of photolithography prior to metallization where PPR stands for the positive photoresist, and (d) final device subsequent to the 
metallization and lift-off procedure. 
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concluded that “HVPE grown templates are though cheaper than the MOVPE grown ones but these might limit the performance of a device 
grown on top of them’. However, we now find that MSM photodetectors fabricated on HVPE GaN epilayers show better device char- 
acteristics when compared to those fabricated on MOVPE GaN epilayers. Fundamental reasons behind the same are discussed in this 
article. 


2. Experimental details 


GaN epitaxial layers of 5 um thickness grown on the c-plane Sapphire substrates are obtained from commercial vendors where 
samples A (B) are grown by using HVPE (MOVPE) technique respectively. Both the sample possess a room temperature carrier con- 
centration of 2 x 101° cm~° which is estimated from Hall measurements [23]. Crystalline quality of the two samples is compared by 
performing w-scans using High Resolution Panalytical X’Pert X-Ray Diffractometer (HRXRD) measurements with Cu Ko, X-rays (A = 
1.54056 A). The samples are obtained by cutting the GaN templates into square pieces of 5 x 5 mm’ size. Proper organic cleaning of the 
samples is carried out by boiling in trichloroethylene, acetone, methanol and then rinsing thoroughly in de-ionized water. Finally, a 
dilute HCl (HCl:H20 = 1:1) treatment of samples is carried out for 10 s prior to the contact fabrication. Ohmic contacts are formed with 
Indium metal through rapid thermal annealing at 375 °C for 40 s in nitrogen ambient. Hall measurements on both the samples are 
performed under van der Pauw geometry [29,30]. Detail measurement procedure and electron transport properties of the two samples 
are discussed elsewhere [23,30]. In this work, GaN MSM UV PDs are fabricated by the two step mask-less photolithography [31]. A 
schematic diagram showing the device geometry is given in Fig. 1 (a) along with a cross-sectional view in Fig. 1 (b). Here, in the first 
step, a ZrO% oxide layer of 80 nm thickness is deposited by electron-beam evaporation under a base pressure of 5 x 10-° mbar. The 
oxide layer is then patterned by photolithography and selectively etched by buffer HF solution for fabricating fingers of 500 um length 
and 250 um width along with a separation of 300 um as shown in Fig. | (c). In second step, realignment and patterning is performed 
again for metallization and lift-off to obtain the final device with Ni/Au metal contact connecting the active device area with the large 
area contact pads on oxide layer as shown in Fig. 1(d). The oxide layer serves for the purpose of contact isolation and surface 
passivation. Temperature dependent I-V characteristics of the fabricated PDs are measured in dark and under illumination with a 325 
nm UV laser and a Keithley 2450 source meter. Further, the room temperature spectral response of the device is measured using a 100 
W Xenon lamp (excitation source), a 320 mm focal length monochromator, and a lock-in amplifier. 


3. Results and discussion 


It is necessary to evaluate the crystalline properties of the two GaN samples before we proceed to present the photoresponse of MSM 
devices. The density of dislocations in epitaxial layers can be estimated by HRXRD technique, which is usually preferred since one can 
access the layer quality rather quickly by simply comparing the full width at half maxima (FWHM) of corresponding diffraction peaks 
of respective samples. All types of dislocations are supposed to broaden the diffraction peaks and a low value of FWHM of HRXRD 
pattern is considered to be an evidence of good crystalline quality. FWHM of HRXRD patterns for (002) and (102) reflections of the two 
samples are listed in Table 1, where a low value is recorded for sample B. The values of tilt and twist are obtained from Williamson Hall 
analysis of œ-scans of symmetric (0 0 D and skew symmetric (where either h or k £ 0) set of (h k D reflections and the corresponding 
values of dislocation density (Np) are obtained by using the following relation [32-34]: 


p 


N Z la á a 
a 4.35 b? 


(1) 


where $ is the tilt (twist) value for screw (edge) dislocations and b is the Burgers vector length (Dscrew = 0.5185 nm, Dedge = 0.3189 nm). 
The density of screw and edge dislocations in the two GaN samples estimated from the Williamson Hall analysis is also shown in 
Table 1. It is found that the density of screw and edge dislocations is slightly higher for sample A, which confirms that the crystalline 
quality of sample B is better. 

Fig. 2 shows the photoresponse of MSM PDs fabricated on both the samples over the spectral range of 300-390 nm at an applied 
bias of 4 V. It is surprising to see that the peak spectral response is enhanced by ~3 times for sample A in comparison to sample B. It is 
well-known that the edge dislocation lines provide acceptor traps and form negatively charged scattering centres in n-GaN [35]. It is 
reasonable to believe that the recombination probability of photo generated electron-hole pairs can be enhanced by the 
dislocation-induced acceptor levels which leads to a reduction in the responsivity of GaN PDs. Therefore, it is obvious to expect that the 
responsivity of GaN-based photodetectors made on sample A would be lower. Contrary to this, a high value of responsivity is recorded 
for this sample as obvious from Fig. 2. It seems plausible that the factors other than the dislocation density might determine the 
magnitude of photo-response in these devices. 


Table 1 
Microcrystalline properties of the two samples estimated from HRXRD measurements. 


2 2 


Sample FWHM (arcsec) Tilt (Degrees) Twist (Degrees) Screw dislocation density (Nsp) in cm~ Edge dislocation density (Ngp) in cm~ 
(002) (102) 


A 346 700 0.08 0.25 1.65 x 108 4.3 x 10° 
B 252 363 0.06 0.13 8.76 x 107 1.16 x 10° 
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Fig. 2. Room temperature spectral response of GaN MSM Photodetectors. 


In order to gain more information, transient response of the two devices is recorded as shown in Fig. 3. A fast transient response of 
PDs made on sample A is observed where rise (fall) times of 62 ms (375 ms) are measured in comparison to 1.06 s (1.40 s) for sample B. 
It therefore confirms that the devices made on sample A are superior. Further, the values of rise/fall time are highly acceptable, and 
similar values are recently reported by several researchers for GaN MSM PDs [36,37]. Note that relatively small dimensions are 
sometime preferred by researchers for the fabrication of GaN MSM devices [38], which generally helps in achieving a faster response. 
By keeping this in mind, a set of devices are fabricated where separation between the two contacts is reduced down to 150 um. 
Transient response of such devices is found to be quite fast (Us time scale) which is actually governed by the instrumental limitation in 
our case. Although, small size of devices is sometime preferred but it might not provide a better representation of the sample quality in 
view of possible lateral variations in the density of dislocations and point defects. Since our aim here is to study the impact of the 
density of dislocations and point defects on the device performance, it is advisable to keep a large separation between the two contacts. 
In view of this, separation between the two contacts is varied over a rage of 300-1000 um and the results from those devices are 
summarized in Fig. 4. It is interesting to see that though there is slight degradation of the responsivity with separation, which might be 
due to the inclusion of a larger number of dislocations and point defects, but an overall contrast in the responsivity of the two sets of 
devices remains intact. It therefore confirms that the photo response of HVPE based PDs (sample A) is few times larger than that of the 
MOVPE based devices (sample B), irrespective of the device size. 

It is important to know if the observations made so far are consistent as a function of applied bias and excitation power. The 
outcome of such an exercise is shown in Fig. 5. The responsivity increases linearly with applied bias up to 2.5 V and tends to saturates 
thereafter as shown in Fig. 5(a). Such a behaviour of GaN photodetectors in already known [39,40]. Further, the photocurrent in- 
creases linearly with optical power at a constant bias under low excitation conditions, which leads to a constant value of responsivity as 
shown in Fig. 5(b). 

Similar trends are already reported by other researchers under low power excitation conditions [41]. It is obvious that sample A has 
a larger responsivity irrespective of the value of applied bias or optical power. Moreover, the ratio of responsivity of two samples 
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Fig. 3. Transient photoresponse of GaN MSM Photodetectors made on a) Sample A, and b) Sample B, where yellow solid lines represent an 
exponential fit of corresponding part of the experimental data. 
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Fig. 4. Responsivity of GaN MSM Photodetectors plotted as a function of separation between the two contacts, error bars in the data are smaller 
than the size of symbols. 
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Fig. 5. Responsivity of GaN MSM Photodetectors as a function of (a) applied bias at 50 uW, and (b) optical power at 4 V for sample A and B. 


remains more or less constant. It is therefore obvious that the photodetectors made on sample A demonstrate better device charac- 
teristics under all the operating conditions. It indicates that the factors other than the dislocation density play a critical role in gov- 
erning the performance of GaN MSM PDs. 

In order to pinpoint the fundamental reasons behind the high performance of PDs made on HVPE GaN epilayers, detailed electronic 
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Fig. 6. Room temperature I-V characteristics of the two GaN samples. Theoretical curve based on the Thermionic emission (TE) model is also shown 
for comparison purpose. 
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transport measurements are performed on the two samples. It is generally understood that a low screw dislocation density will lead toa 
lower dark current in PDs [22]. As can be seen from Fig. 6, it is indeed true in case the applied bias is kept below 2 V where dark current 
of sample A is higher than that of sample B. However, the situation is just opposite if the applied bias is kept above 2 V. It is surprising to 
note that the dark current of PDs made out of sample A, which possesses relatively high dislocation density, is lower than that of sample 
B under high bias condition. Moreover, slope of the two curves is also seen to be very different. Further, it is sample B which shows a 
much larger difference from the theoretically estimated curve based on the thermionic emission (TE) transport model [21] compared 
to sample A. It is noticed that the leakage current shows a much stronger dependence on applied bias in sample B. 

In case of III-nitrides, it is well known that the threading dislocations and point defects provide an alternate path for charge 
conduction, which often lead to a considerably large leakage current [19,21,42]. Thus, the thermionic field emission (TFE) process 
mediated by carrier tunnelling can be considered as a probable mechanism which can explain the I-V characteristics shown in Fig. 6. 
TFE model as proposed by Padovani and Stratton [43] is based on the Taylor expansion of tunnelling probability under WKB 
approximation and can be expressed as 


v 
Irre = ĪTFE S exp (-22) (2) 


-=i 
where Irrr,s is the saturation current, Vp is the applied bias, and parameter ¢ is expressed as ¢ = Eoo (æ) — tanh (He) | where k is 


the Boltzmann constant, T is the temperature in Kelvin and Egg is the characteristic tunnelling energy given by Epo = a e 


Here, Ng is the doping density, £, is the dielectric constant of GaN, £ is the permittivity of free space and m; is effective mass of 
electron. Note that a large value of Eoo indicates about the dominance of TFE mechanism in charge transport [21]. It is observed that 
I-V characteristics of both the samples can be reasonably fitted by Eqn. (2) over a wide temperature range, as shown in Fig. 7. This 
presents a direct evidence of the dominance of TFE mechanism in our case. The values of Eoo obtained from the fitting procedure are 
plotted in Fig. 8 for both the samples. A considerably high value of Eoo in both the samples at low temperature indicates that TFE is the 
dominant current transport mechanism in this temperature regime. Such an observation is already reported by us in HVPE grown GaN 
samples where the presence of a large density of dislocations at the GaN/sapphire interface is found to be responsible for this behaviour 
[7,21,23,44]. Further, a downward trend in the values of Egg can be observed with increasing temperature in both the samples. 

Note that Eoo reduces from 7.6 (8.2) to 2.9 (6.0) meV with rise of temperature from 10 to 300 K for sample A (B) respectively. 
Moreover, an abrupt change is observed in sample A at ~200 K. On the other hand, slope of the curve is not that steep in sample B. 
These observations indicate that the carrier transport mechanism changes in sample A at ~200 K. 

In order to gain further understanding of the impact of carrier tunnelling on the dark current, Schottky barrier height of the two 
samples are plotted as a function of temperature in Fig. 9. For this purpose, Ni/Au Schottky contacts are fabricated on one side of the 
sample while Indium is used to make Ohmic contact on the other side. The values of Schottky barrier height shown in Fig. 9 are 
determined from the forward bias I-V curve considering TE model [21]. It is found that the barrier height monotonically increases with 
temperature for both the samples. Such a trend is very common in GaN samples where interfacial defects and dislocation-related 
current paths are reported to be responsible for such non-ideal behaviour of Schottky contact [21,45]. This can be very well 
explained by considering the TFE mechanisms of carrier across the regions surrounding the core of dislocations as discussed earlier 
[21]. An interesting observation can be made from Fig. 9 where the barrier height for sample A is seen to be larger than that of sample B 
at all temperatures. It is really surprising since the screw component of threading dislocations, which is responsible for lowering the 
barrier height in GaN [21,22], is measured to be rather high in sample A as shown in Table 1. It therefore indicates that factors other 
than the dislocations seems to play a more decisive role in lowering (raising) the barrier height (leakage current) in sample B 
respectively and the same argument can also be applied to understand the contrast observed in the responsivity and transient response 
of the two samples. As discussed earlier that many kinds of point defects are present in GaN [17] and it is highly possible that those 
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Fig. 7. Temperature dependent I-V characteristics of (a) sample A, and (b) sample B where the respective solid lines show the corresponding 
theoretical curves based on the TFE model. 
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Fig. 8. Temperature dependence of characteristic tunnelling energy (Eoo) shown for the two GaN samples, error bars includes both the statistical 
and fitting errors. Regions showing a steep change in Eoo values for sample A are highlighted by shading with different colours. 
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Fig. 9. Schottky barrier height versus temperature for the two GaN samples. The data points are shown with error bars that includes both the 
statistical and instrumental errors. 


might be responsible for the fall (rise) of barrier height (leakage current), and also a low value of responsivity in sample B irrespective 
of its low dislocation density. It is already known that n-type GaN layers grown by MOVPE are intentionally doped with Silicon and the 
same is also confirmed by the vendor. Hall and C-V data are in good agreement for sample B as reported earlier [23], a complete 
ionization of donor atoms is thus expected. Hence, Si doping level is estimated to be of the order of ~2 x 1018 cm~? for sample B. Such 
a high intentional doping leads to an increase in the leakage current in this sample. From positron annihilation measurements, Zhao 
et al. [19] reported that even light doping with Si can increase the concentration of Ga vacancies in n-type GaN in comparison to 
undoped samples. Such Ga vacancies act as deep level defects leading to further rise of leakage current in sample B. 

On the other hand, Si doping level of HVPE GaN epilayers is ~1 x 10'° cm~? only as estimated from the secondary ion mass 
spectrometry (SIMS) profile provided by the vendor, which indicates about a low density of point defects in the depletion region of 
sample A. The sources of doping in HVPE grown GaN epilayers turns out to be very different where a dominant contribution to carrier 
concentration occurs due to oxygen impurities that cluster around dislocation sites leading to the formation of a highly doped impurity 
channel [23,46]. It provides a low resistive path for the electronic transport, which apparently increase the background carrier density 
of sample A. Similar differences in the doping behaviour of the two samples are also observed by us in SIMS measurements. However, 
the carrier concentration at the edge of the depletion width of Schottky junction obtained from the capacitance-voltage (C-V) analysis 
is found to be two order less in sample A as reported by us earlier [23]. Further, the values of carrier concentration estimated from C-V 
measurements are more relevant in case of MSM PDs due to the formation of Schottky junction. Hence, it can be concluded that the 
photodetectors fabricated on sample A with undoped GaN provide a much lower leakage current, even though those are having a 
higher dislocation density. With this model, the observed temperature dependence of Ego and barrier height of the two samples can 
now be explained very well. It is already reported that the areal contribution of highly n-type regions surrounding dislocation cores is 
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only 2-3% of entire Schottky area [25]. Therefore, their contribution is limited at high temperatures where TE mechanism associated 
with the large junction area plays a major role in the carrier transport. This mechanism leads to a dramatic reduction in the value of Ego 
in sample A in the high temperature range i.e. above ~200 K. Moreover, the dominant transport mechanism switches from TE to TFE 
during the cooling down process at ~200 K. On the other hand, TFE is the primary transport mechanism in the intentionally doped 
sample B at all temperatures leading to a comparatively weak temperature dependence of Eoo. Temperature dependence of barrier 
height can also be explained on similar lines where sample A always maintains a high barrier since the screw dislocations responsible 
for the TFE transport are activated within a very small region of the total area. On the other hand, in sample B, entire junction area 
takes part in the carrier transport. 

Next, the same argument can also be used to explain the contrast observed in the performance of two sets of devices shown in Figs. 2 
and 3. Since the drift component dominates the photocurrent in our devices, the magnitude of photo-response will be significantly 
influenced by the density of photo generated carriers that are available in the depletion region. The zero bias depletion width estimated 
from C-V measurements for sample A and B are 425 and 30 nm respectively [23]. It is numerically calculated that the photo response 
will be enhanced by a factor of ~4 in sample A due to the enlarged depletion width. It can partially explain the observed difference in 
the responsivity of two samples plotted in Fig. 2. Note that the density of screw and edge dislocations is few times higher for sample A 
which reduces the contrast in the responsivity of two samples. Had it not been the case then the measured difference between the 
photoresponse of two devices would have been larger. Another point which needs to be explained is the faster response of devices as 
shown in Fig. 3. It can be understood by considering the role of point defects in sample B as mentioned earlier. It is already known that 
Si doping increases the concentration of Ga vacancies which reduces the minority carrier diffusion length due to the presence of deep 
level defects [19]. Ga vacancies trap the photo generated carriers in depletion region leading to the observed reduction in the speed of 
PDs fabricated on sample B [47,48]. Further, absorption of excitation beam beyond the depletion width in sample B brings the 
diffusion component into play, which provides another reason for a slow response of the devices. It is also noticed that the exciton 
feature is clearly visible in terms of a sharp peak at 361 nm in the spectral response of sample A shown in Fig. 2, which is considerably 
supressed in sample B. Absence of excitonic feature can be explained by considering a high density of free carriers in sample B which 
screens the Coulomb interaction and reduces the exciton binding energy [49]. It also explains why a flat spectral response is observed 
in the above band gap region of sample B whereas a rise in the responsivity is seen with wavelength for sample A in Fig. 2. At shorter 
wavelength, an enhanced absorption of incident photons near the surface causes a fall in the responsivity due to the capture of photo 
excited carriers by the surface states. A flat spectral response of PDs made on HVPE GaN layers is already demonstrated by us after a 
proper surface passivation via deposition of thin ZrO2 layer [44]. A high density of ionized donors near the sample surface leads to a 
narrow depletion width in sample B and also minimizes the impact of surface states on the spectral response at shorter wavelength as 
shown in Fig. 2. 


4. Conclusion 


Metal-semiconductor-metal ultraviolet photodetectors are fabricated on n-GaN epitaxial layers grown by HVPE and MOVPE 
techniques. Contrary to the general understanding, the photo response of HVPE based PDs is found to be ~3 times larger than that of 
the MOVPE based devices. Further, the overall performance of HVPE based PDs turns out to be better than that those fabricated on 
MOVPE Gal, in spite of the variations in device geometry or the operating conditions. It is explained by considering the difference in 
the depletion width which is primarily governed by the different procedures adopted for the doping of GaN templates. A large carrier 
concentration at the edge of depletion width in MOVPE grown GaN epilayer leads to higher (lower) leakage current (barrier height) 
despite a low dislocation density. In temperature dependent I-V measurements, a sharp change in the value of characteristics 
tunnelling energy is seen at ~200 K for HVPE based devices whereas no such behaviour is seen for PDs fabricated on MOVPE grown 
epilayers. This is explained by considering the switching of electronic transport mechanism from TE to TFE during the cooling down. 
On the other hand, TFE is found to be the dominant transport mechanism in devices fabricated on MOVPE grown epilayers. It is hereby 
concluded that controlling the density of threading dislocations is not the sole criteria for improving the performance of GaN Schottky 
PDs, rather one also need to be careful about the density of point defects which can also marginalize the key figure-of-merits. The 
understanding developed here is expected to be helpful in making a judicious choice of GaN templates for the development of specific 
devices based on them. 
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